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Previously we showed that A. burtoni males use transitive inference, a skill once thought 1 0 2 exclusive to mammals and birds, to construct a virtual social hierarchy from incomplete 1 0 3 information gathered as bystanders in territorial disputes (Grosenick et al., 2007) . Moreover, Dominant males comprise ~10-30% of the population at one time, are brightly-colored, defend 1 1 0 territories, and actively court and spawn with females. In contrast, subordinate males are drably-1 1 1 1 8 0 relationship between size and age and time of sexual maturity is plastic and dependent on small 1 8 1 changes in animal density in aquarium. We measured under laboratory conditions, the 1 8 2 quantitative relationship between size, density and chronological age (from hatching). Over the 1 8 3 course of 25 months, we collected data to determine the effects of population density on growth.
8 4
We measured at approximately six-week intervals: population density, body mass and body 1 8 5 length of 34 populations. Starting densities of all populations were of 22-44 fish per tank. We 1 8 6 find no effect of density on sex ratio (r= 0.19 p=0.49) or any correlation between density and 1 8 7 onset of sexual maturation (r= 0.19, p= 0.7), 19 of 26 populations had at least one male at week 6.
8 8
In Figure 1 we show an empirically derived relationship between age, size and density for A. 1 8 9
burtoni. Figure 1C shows that our model can predict fish size when specifying population 1 9 0 density and age. 1 9 1 1 9 2
Being older than an opponent is a better predictor of social dominance than size 1 9 3
What is the relationship between size and age of winners? Since size and age both had positive 1 9 4
effects on victory, we tested how age differences related to differences in body length. Across all 1 9 5 dyads, we found a significant negative correlation between the relative ages and body lengths of 1 9 6 winners (Pearson correlation=-0.53, p=0.013), such that winning fish with large age advantages 1 9 7 tended to have less of a length advantage, or none at all, and winning fish with the largest length 1 9 8 advantages tended to be from an age-matched dyad. This effect was even stronger within the 15 1 9 9 NS-winner dyads (cor= -0.66, p=0.0074), where 5 out of 15 winners were actually smaller or of 2 0 0 equal length compared to their opponent. Across all 21 dyads (Table 1) , the length advantage of 2 0 1 winners decreased as a function of increasing age advantage; age-matched winners had the 2 0 2 greatest average size advantage, winners that were 6 days older than their opponent had a more 2 0 3 modest size advantage, and winners with the greatest age advantage (19 days) were mostly 2 0 4 smaller than their opponent (p=0.048, Kruskal-Wallis; Figure 2 ). These results show that 2 0 5 dominant males with an age advantage can overcome a size disadvantage and win territorial 2 0 6
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT disputes, suggesting age is at least as important if not more so than size. Thus, the additional 2 0 7 experience gained with age may confer a greater advantage than a larger size. Experience affects fighting strategy in dominance fights 2 1 0
What advantage did age confer on winners that were smaller than their opponents? We 2 1 1 hypothesized the older winners were more aggressive in fighting over territory, even though we 2 1 2 did not see differences in aggression during rearing in either environment. There was no 2 1 3 significant relationship between absolute age and the number of aggressive behaviors per minute 2 1 4 in each of the first 3 days of the dyad encounters. However, among all winners there was a 2 1 5 significant increase in the number of aggressive acts per minute from the first to second day in 2 1 6 the dyad (n=21, p=0.0015, bootstrap paired t-test), an effect that was even stronger in dyads 2 1 7
where the winner was older than his opponent (n=10, p < 1e-5; Figure 3A ), but was not found in 2 1 8 age-matched winners (n=11, p=0.23; Figure 3B ), suggesting a role for experience in deciding 2 1 9 when to attack aggressively. We hypothesized that A. burtoni males growing up in a physically enriched environment 2 2 2 would have an advantage in territorial disputes, but to our surprise, we found that small 2 2 3 differences in age and size had greater effects than the physical environment. Animals reared 2 2 4 with shelters did not have any significant advantage over those reared in tanks with only gravel.
5
Animals that were older than their opponent won territory in every case, even some that were 2 2 6 smaller than their opponent, an unexpected result. We posit that this age advantage reflects the 2 2 7 experience gained in social interactions, giving fish more time to practice and observe territorial 2 2 8 disputes. Despite the relatively small differences in age, the high rates of behavioral interactions 2 2 9 in male A. burtoni (~40-60 aggressive interactions/hour), means that even slightly older males 2 3 0 experience hundreds of social interactions in a short time. Our males were young adults, a time, 2 3 1 which may be a critical learning period. Previous work where age was not monitored and size 2 3 2 was larger suggested that size difference was a certain predictor of victory. In an extreme case 2 3 3 where one male was 4X larger, and there was no physical interaction, the smaller opponent 2 3 4 surrendered without a fight (Chen and Fernald, 2011). We have found a critical time period 2 3 5
where social interaction differences can result in differential outcomes in social rank.
3 6
The Journal of Experimental Biology -ACCEPTED AUTHOR MANUSCRIPT Interestingly, we found that at ages between 150-183 days, a very small size difference (< 8%), 2 3 7 previously considered adequate to "size-match" A. burtoni males, was sufficient to give an 2 3 8 advantage to the slightly larger male, with a predictive value of ~66%. It will be interesting to 2 3 9 see whether at older ages these small differences become mute and the effect of experiences or 2 4 0 not related to age but to interactions among dominant males. The ability of males to detect size 2 4 1 differences of less than 10% suggests size is an honest display in a competition to a degree that 2 4 2 was previously unknown. Size differences previously believed to match opponents fairly may 2 4 3 result in a confound, suggesting that experimental matches be based on both age and size. We under our laboratory conditions. At the population densities we use for our dominance assay, we 2 4 7 see no effect of sexual maturity or sex ratios in populations showing that our fish were well 2 4 8 paired without confounds of time from sexual maturity. It would be interesting to push these 7 1
We have previously shown that fighting males assess the relative strength of animals they 2 7 2 observe fighting and can use this information to predict winners (Grosenick et al., 2007) . We 2 7 3 suggest that the ability to evaluate opponents in addition to physical strength makes the 2 7 4 difference for establishing dominance. Younger winners did not have a consistent strategy, some 2 7 5 having higher aggression on day one than day two and vice versa. Older fish, however, 2 7 6 consistently began with low levels of aggression followed by significantly increasing the number 2 7 7 of attacks 24 hrs into the challenge. This consistency may reflect accumulated experience, a skill 2 7 8 that would benefit males in the wild where the physical environment is dynamic and there is a 2 7 9 regular turnover of status among males.
8 0
In this study, we have not disambiguated whether age alone, perhaps as a late 2 8 1 developmental stage as seen in mammals, may lead to the delayed attack response. However, in 2 8 2 birds, there was no effect on the ability to store and forage food based on age, but only on the 2 8 3 experience of storing and retrieving food, suggesting this was a learned effect and not an innate 2 8 4 quality (Clayton and Krebs, 1994) . We speculate that younger, less experienced males are testing 2 8 5 strategies with high levels of aggression attempting to intimidate less experienced fish, a strategy 2 8 6 that may not work on older opponents.
8 7
Our data suggest that in a sophisticated fish social system males learn and practice skills 2 8 8 that are critical to their success in becoming dominant as they become older. After sexual 2 8 9 maturity, learning from social interactions may play a greater role than environmental 2 9 0 enrichment in determining fight outcomes. It is conceivable that this socially-relevant learning is 2 9 1 developmentally regulated and may be occurring during a specific critical period. As much as 9 9 onset of sexual maturation increases the innate drive to obtain a territory, but the efficacy of 3 0 0 fighting is dependent on experience. Designing experiments that disambiguate these effects, e.g. 3 0 1 comparing the fighting strategies of age-matched males raised in isolation versus community 3 0 2 tanks, will be necessary to identify the relative contributions of the social experience and 3 0 3 absolute age in shaping behavior.
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The division of labor is linked to age in both the social insect systems of the honeybee 3 0 5 (Lindauer, 1953) and in ants (Mersch et al., 2013) . Older individuals perform more complex 3 0 6 tasks than younger ones, suggesting a chronology that could be a developmentally controlled in 3 0 7 the brain and dependent on experience and juvenile hormones (Withers et al., 1995) . However, 3 0 8 more recently, research in honeybees shows that more mature foragers can revert into nursing, a 3 0 9 task performed by more immature bees, if the hive is depleted of nurses. Remarkably, this plastic 3 1 0 behavioral response is linked to changes in DNA methylation in the mushroom bodies (Lockett 3 1 1 et al., 2012). This suggests chronological age is required to mature and perform certain tasks but 3 1 2 that the molecular mechanism is at least in part reversible and mediated by social stimuli. In A.
3 1 3 burtoni, where dominance is in flux and there is benefit to reverting to more subordinate 3 1 4 (immature) behaviors, it will be very interesting in further studies to identify how age and 3 1 5 ethologically relevant experience may shape the brain in a vertebrate social system. Determining density effects on growth rate and sex ratios in laboratory conditions 3 2 5
Over the course of 25 months, we analyzed the growth rate of 34 populations in tanks with 3 2 6 starting density of 20-44 fish. Broods were released from their mothers' mouths into rearing 3 1 Sex characteristics arise earlier in some fish than others (color and egg spots in males) but sex 3 3 2 ratios continue to change as males mature. We counted the number of males appearing at week 6 3 3 3 as an indicator of onset of sexual maturation in a population and we determined gender ratios at 3 3 4
week 18. Prior to week 18, we designated non-males as juveniles (these could be females or 3 3 5 immature males) 3 3 6 3 3 7
Populations scored
Week 6 Week 12
Week 18 Week 24
We measured and recounted one population at week 6, four populations at week 12 and three 1 6 measures analysis of variance, implemented in the R function aov, was used to test for effects of 4 1 7 rearing environment and time bin on shelter entries or compartment crossings, and whether there 4 1 8 was a significant interaction between rearing environment and time bin.
1 9
Tests for differences between two sets of independent measurements, e.g. GSI of 4 2 0 dominant vs non-dominant fish, were conducted via a permutation-based, or bootstrap, procedure 4 2 1 that is comparable to an unpaired t-test. Similarly, tests for within-subjects differences at two 4 2 2 time points, e.g. the frequency of aggressive behaviors for the same fish on different days, were 4 2 3 conducted via another bootstrap procedure comparable to a paired t-test. We did not perform 
